The atomic structures, electronic band structures and magnetic properties of monolayer FeSe Our results have provided a comprehensive study on the magnetic property of FeSe 0.5 Te 0.5 , which may help to understand the relation between magnetism and the superconductivity in the high-T C monolayer superconductor.
I. INTRODUCTION
Recently, monolayer FeSe grown on SrTiO 3 substrate has attracted a lot of attention for its high-T C superconductivity, which has not been found in bulk FeSe in spite of similar structures [1] [2] [3] . Some researches demonstrate that the different superconductive behaviours of monolayer FeSe and bulk FeSe are due to the influence of the SrTiO 3 substrate and the interface between FeSe and SrTiO 3 [4] [5] [6] [7] , while the mysterious antiferromagnetic (AFM) structures of FeSe also paly a major role. Therefore, theoretical studies on the magnetic property of FeSe have been intensively carried out, and a variety of AFM orders, including checkerboard (CB) AFM [8] , collinear (COL) AFM [9] and pair-checkerboard (PCB) AFM orders [10] , have been investigated. A novel nematic AFM phase is also proposed theoretically [11] . However, the magnetic measurements such as neutron scattering [12] and superconducting quantum interference device (SQUID) [13] , can only detect the magnetic signal of bulk FeSe rather than the FeSe monolayer. In monolayer FeSe, only the electronic structure can be obtained via, for example, the angle resolved photoemission spectroscopy (ARPES) and scanning tunnelling spectroscopy [7, 14, 15] . The comparison between experimental and theoretical achievements are confusing. On one hand, the band structures of CB-AFM and PCB-AFM ordered FeSe resemble the results from the ARPES experiments [8, 10, 16, 17] . On the other hand, COL-AFM order is the ground-state AFM order from first-principles calculations [9] . These controversial results suggest that the magnetic structure of monolayer FeSe is intriguing, and still needs to be further confirmed.
In bulk FeSe, the Te substitution for Se atoms can enhance the critical temperature from 9 K [18] to more than 14 K [19, 20] . Therefore, it is natural to expect that the monolayer FeSe 1−x Te x also has high-T C superconductivity. Indeed, some experiments have demonstrated the high-T C superconductive behaviour in FeSe 1−x Te x and the critical temperature is found to be dominated by grown conditions and in-plane strain [21] . Moreover, FeSe 1−x Te x , as well as FeSe, is a topological insulator [22] . The topological character combined with AFM structures and superconductivity could give rise to a rich variety of novel physical phenomena. But a systematical analysis of the magnetic properties and band structures of FeSe 1−x Te x in theory is still lacked. Bearing this in mind, we aim at providing a comprehensive study on the electronic property of FeSe 1−x Te x with different magnetic orders.
In this paper, we calculate the electronic band structures of monolayer FeSe and typical 1 Te-substituted monolayer FeSe 0.5 Te 0.5 with different magnetic orders using first-principles tools, and search the magnetic ground state for both monolayer FeSe and FeSe 0.5 Te 0.5 . The direction of the magnetic moments can make a big difference on the band structures due to the spin-orbit interaction. Besides, since Te-substitution breaks the space symmetry to some extent, the band structures of FeSe 0.5 Te 0.5 have a novel Rashba-Dresselhaus splitting.
But the band gaps are either only slightly enlarged (with PCB order) or even much shrunk (with COL order) in FeSe 0.5 Te 0.5 compared with those in FeSe. This paper is organized as follows. First we describe the calculational details and geometries of different structures. Then we present our results for pristine monolayer FeSe, followed by our main results in FeSe 0.5 Te 0.5 . At last, there is a summary.
II. METHODOLOGY
We have performed spin-polarized first-principles calculations on the total energy, magnetic and electronic structures of FeSe and FeSe 0.5 Te 0.5 with the project augmented wave method [23, 24] as implemented in the VASP code [25] . Plane waves less than 400 eV were used to expand the wave functions. For the exchange-correlation potential, we have adopted the generalized gradient approximation (GGA) of Perdew-Burke-Ernzerhof (PBE) type [26] . The spin-orbit coupling (SOC) effect was included all through the calculations; meanwhile we have also performed normal calculations without SOC for comparison. Since SOC distinguishes the direction of the electron spins, the magnetic moments can thus rotate three-dimensionally. In view of this, both situations in which the magnetic moments are parallel to the monolayer (in-plane) and perpendicular to the monolayer (out-of-plane) were considered. The structural optimization has employed the conjugate gradient algorithm [27] and the residual forces on all relaxed atoms were smaller than 0.01 eV/Å. The monolayer 
III. RESULTS

A. Properties of Pure FeSe
For the monolayer FeSe, the lattice constant is fixed at the calculated lattice parameter of SrTiO 3 , which is a = b = 3.9015Å. The total energies for monolayer FeSe with different magnetic orders are listed in Tab.I, which clearly shows that FeSe with COL-AFM order is more stable than other calculated magnetic states, in accordance with previous firstprinciples calculations. Including the SOC effect, the total energies for all the magnetic states are lowered by around 60 meV and FeSe with COL-AFM order still being the most stable one. In the AFM ordered monolayer FeSe, the energy difference between FeSe with in-plane magnetization and out-plane magnetization is no more than 1 meV, as presented in the last two columns of Tab.I, revealing that the magnetic anisotropy energy should be quite small. However, the magnetization still tends to be parallel to the Fe-plane rather than perpendicular to it, by a tiny energy difference varying from 0.4 meV to 1 meV depending on the particular AFM order.
Next, the band structures of monolayer FeSe with different magnetic orders are demon- For the paramagnetic monolayer FeSe, there is an electron-like Fermi pocket at M point.
Apparently, SOC destroys the degeneracy of the bands at Γ and M to a certain extent.
As is well known, the magnetic order plays an important role in the character of the band structures. In monolayer FeSe with CB-AFM order, the band structure changes a lot with a flat band crossing the Fermi level. The degeneracy is also removed by SOC at Γ as in 
Band Structure
Next, we come to the electronic band structures of FeSe 0.5 Te 0.5 . Figure 4 shows the band structures of paramagnetic FeSe 0.5 Te 0.5 , which resemble those of pure paramagnetic FeSe except that some degeneracy has been lifted. Especially at M point, the band-splitting is conspicuous, as demonstrated in Fig. 4(a) . The valence bands in pure paramagnetic 
